Nitrous oxide is usually considered to be inert 1 and a poor ligand toward transition metals. 2 However, there is incentive to use N 2 O as an oxygen donor because it contains 36 wt % oxygen, and the byproduct of an oxidation reaction would be N 2 . In practice, there are only a few catalytic systems that have been shown to be efficient for the activation of N 2 O for selective hydrocarbon oxidation. In the area of heterogeneous catalysis, the most effective catalysts appear to be iron-containing acidic zeolites 3 which at elevated temperatures are thought to yield surface activated iron-oxo species (R-oxygen), 4 which are capable of oxygen transfer to inert hydrocarbons. 5 Iron oxide on basic silica has been shown to catalyze, albeit nonselectively, propene epoxidation. 6 In some organometallic compounds, oxygen transfer from nitrous oxide to alkyl, alkyne, and imido ligands of transition metal complexes has been observed, 7 and metal-oxo species have been formed. 8 In addition, N 2 O has been decomposed at subambient temperatures to N 2 and O 2 by a ruthenium complex. 9 There is ongoing interest in oxidation catalyzed by polyoxometalates (POMs). 10 Here, we describe the activation of N 2 O by a Mn(III)-substituted polyoxometalate, Q 10 [Mn III 2 ZnW(ZnW 9 O 34 ) 2 ] (Q ) (C 8 H 17 ) 3 CH 3 N + ), Figure 1 , and subsequent highly selective catalytic epoxidation of alkenes. Previously, it was shown that N 2 O reacts at room temperature with a ruthenium porphyrin 11 to give high valent ruthenium-dioxo species 12 capable of epoxidation of alkenes. Somewhat oddly, much more extreme conditions (140°C, 10 atm N 2 O) are necessary for homogeneous catalytic oxidation. 13 Epoxidation reactions of various alkenes catalyzed by Q 10 [Mn III 2 ZnW(ZnW 9 O 34 ) 2 ] 15 with N 2 O as oxygen donor were carried out in glass pressure tubes at 1 atm N 2 O and 150°C in fluorobenzene as solvent. The results presented in Table 1 show that epoxides were formed at very high selectivity (>99.9%). Typically, the reactions were rather slow, TOF ) 0.5-1.4 h -1 , 16 but proceeded in a linear fashion (Supporting Information), without indication of catalyst decomposition (IR). This is the first report of catalytic epoxidation with N 2 O with a Mn-based compound. There were only relatively small differences in the reactivity of the various alkenes; for example, the rather nucleophilic cyclooctene was only twice as reactive as less nucleophilic terminal alkenes such as 1-octene. Interestingly, trans-stilbene was slightly more reactive than cis-stilbene, and the reaction was stereoselective despite the rather high reaction temperatures. Cis-and trans-2-hexen-1-ol were similarly reactive. It is worthwhile to note that other transition-metal-substituted POMs of this structure were not active (V(IV), Co(II), Zn(II), Cu(II), Ni(II)) or were not selective (Fe(III) and Ru(III)) (Supporting Information). It is also crucial to note that among the Mn-substituted POMs only Mn(III) was active. No epoxidation was observed using similar Mn(II) POMs.
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An a priori logical supposition concerning the mode of activation of N 2 O in this system would be that the Mn(III) center reacted with N 2 O to yield a Mn(V)-oxo species and N 2 . This would be followed by epoxidation, Scheme 1, with the Mn(V)-oxo species as the latter are often viewed as active oxygen transfer agents capable of selective alkene epoxidation. 17 It has already been shown that Mn(IV)-oxo polyoxometalate species are inactive in epoxidation reactions. 18 Possible intermediates were investigated by ESR spectroscopy. In general, peaks for Mn(III) species (g ) 8), and also for Q 10 Epoxides were formed in selectivity >99.9% (GC). Mass balances were verified by addition of an external standard. Also, postreaction acidification of the reaction mixture showed no presence of C-C bond cleavage products such as heptanoic acid. . 21 No other peaks, for example, at g ) ∼4, attributable to a Mn(IV) POM were observed. The Mn(II) concentration was significant and was estimated to be at least 70 ( 10% of the total Mn by comparison with aqueous solutions of authentic Mn(II)(OAc) 2 . In the absence of N 2 O, no ESR active species were obtained. The formation of this spectrum, however, was reversible. Thus, upon allowing the N 2 O to evaporate off, the ESR spectrum disappeared, and subsequent repressurization and heating again gave the observed spectrum.
To explain the formation of a Mn(II)-POM species, a disproportionation mechanism could be suggested, Scheme 2.
There are four experimental observations that appear to be incompatible with such a mechanism: (a) The formation of Mn(II) in such a scheme would not be reversible upon removal of It would therefore appear that a Mn(V)-O species is not formed in this reaction system and that N 2 O reacts with a Mn(III) center of the polyoxometalate to reduce the polyoxometalate, while N 2 O is oxidized. Such a reaction is rather surprising considering the high ionization potential, ∼12.8 eV of N 2 O, 22 but may conceivably be explained by an outer sphere electron transfer, wherein the polyanionic nature of polyoxometalates energetically increases the favorability of such D-A interactions and formation of D-A complexes. 23 An understanding of the exact nature of the activation of N 2 O by the Mn(III)-polyoxometalate and an explanation for the subsequent highly selective epoxidation are at this time still somewhat premature and will be the focus of future research. ( 
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